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度基本在 106 cells mL-1 左右，较普通海水的微生物群落丰度要高，且白泉热液区
水体的微生物丰度高于黄泉热液区的。 
2. 16S rRNA 基因扩增子高通量测序表明，沉积物样品和水体样品的细菌群
落组成在统计学上存在明显异；而白泉和黄泉两个热液口的水体样品没有较大差
异。沉积物中 Epsilonproteobacteria 相对丰度较高，而水体中则是





4. 通过异养细菌的分离培养技术，共得到 408 株异养细菌，其中寡营养细
菌，富营养细菌，光营养细菌的丰度较高。通过这些可培养和不可培养的方法发
现，在所调查的龟山岛区域，Alphaproteobacteria 和 Gammaproteobacteria 的异
养细菌占主要类群。 
5. 对诱导自浅海热液及深海的噬菌体进行分析，发现都为长尾噬菌体科，
基因组测序结果表明三个噬菌体都为 dsDNA 病毒，其中噬菌体 vB_ThpS-P1 基
因组大小为 39.6 Kbp，GC 含量为 66.7%，共有 52 个 ORFs，噬菌体 vB_PeaS-P1
基因组大小为 38.7 Kbp，GC 含量为 63.8%，共有 51 个 ORFs。而噬菌体





































Shallow-sea hydrothermal systems experience continuous fluctuations of 
physicochemical conditions due to seawater influx which generates variable habitats, 
affecting the phyletic composition and metabolic potential of microbial communities. 
Until recently, studies of submarine hydrothermal communities have focused 
primarily on chemolithoautotrophic organisms, however, there have been limited 
studies on heterotrophic bacteria. Here, fluorescence in situ hybridization, high 
throughput 16S rRNA gene amplicon sequencing, functional metagenomes and 
heterotrophic bacteria culture were used to assess microbial communities from the 
shallow-sea hydrothermal system off Kueishantao Island, Taiwan. The main research 
contents and conclusions are as the following. 
1. The result of fluorescence in situ hybridization show microbial abundances 




of water in the shallow-sea 
hydrothermal system. The microbial abundances in the white vent area was more than 
its in the yellow vent area. 
2. The result of high throughput 16S rRNA gene amplicon sequencing display 
statistically significant differences between bacterial communities in the shallow-sea 
hydrothermal sediments and water samples, but no significant difference between 
communities in the white and yellow vents area water samples. Epsilonproteobacteria 
was dominated in sediment samples, but Gammaproteobacteria and 
Alphaproteobacteria were dominated in water samples.  
3. The potential for marker genes for sulfur oxidation and carbon fixation was 
detected in the metagenome datasets, suggesting a role for sulfur and carbon cycling 
in the shallow-sea hydrothermal system. Furthermore, the presence of diverse genes 
that encode transporters, glycoside hydrolases, and peptidase indicates the genetic 
potential for heterotrophic utilization of organic substrates.  
4. A total of 408 cultivable heterotrophic bacteria were isolated, in which the 
















phototrophy were abundantly found. The cultivation-independent and -dependent 
analyses performed herein show that Alphaproteobacteria and Gammaproteobacteria 
represent the dominant heterotrophs in the investigated shallow-sea hydrothermal 
system.  
5. Three prophages namely vB_ThpS-P1 induced from Thiobacimonas profunda 
JLT2016, vB_PeaS-P1induce from Pelagibaca abyssi JLT2014, vB_RhkS_P1 
induced from Rhodovulum sp. P5 show siphovirus-like morphology. The genome of 
vB_ThpS-P1 was a size of 39.6 Kbp, 66.7% GC content, and 52 ORFs. The genome 
of vB_PeaS-P1 was a size of 38.7 Kbp, 63.8% GC content, and 51 ORFs. The 
genome of vB_RhkS_P1 was a size of 38.8 Kbp, 67.5% GC content, and 59 ORFs. 
Genomes of three prophages contained Mu-like head structural genes but its genomic 
content was distinct from Mu or Mu-like phages. 
 
Key words: Shallow-sea hydrothermal system; high throughput sequencing 


































图 1-1 海底热液区示意图 
































































图 1-2 热液系统中不同的微生物环境栖息环境[12] 
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